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DISPLAY APPARATUS, DISPLAY METHOD
AND METHOD OF MANUFACTURING A
DISPLAY APPARATUS

BACKGROUND OF THE INVENTION

1. Field of Invention

The present invention relates to a display apparatus and a
display method.

2. Description of Related Art

As 1s well known, much research and development has
been conducted into organic electroluminescent (EL) dis-
play apparatuses due to their promise as next generation
display apparatuses. Such organic EL display apparatuses
use organic EL materials as the light emitter composing each
pixel, and an active matrix method 1s normally used as the
driving method for such organic ELL matenals.

However, when such organic ELL display apparatuses are
constructed with a large screen, there 1s an mevitable low-
ering in i1mage quality due to fluctuations in brightness
between the light emitters of the respective pixels. For
example, 1n the case of a large color organic EL display
apparatus, not only bright spots but color spots appear 1n the
entire display, so that in order to construct organic EL
display apparatuses with large screens, a reduction in the
amount of fluctuation between the light emitters 1s essential.

In the field of display apparatuses, a technique for reduc-
ing fluctuations in the brightness of respective light emaitters
1s disclosed by Japanese Laid-Open Patent Publication No.
HO05-94150, for example. According to this technique, as
shown 1n FIG. 1 of the publication, a photodiode 26 (Schot-
tky diode) 1s additionally provided, and by additionally
charging a signal holding capacitor 23 using this photodiode
26, corrective control 1s carried out for an EL light emission
controlling TF'T 22, that 1s, light emission by an EL element
24 1s corrected, thereby suppressing fluctuations 1n bright-
ness within the panel screen.

However, with this techmique, the photodiode 26 1s a
Schottky diode made of a semiconductor material, so that
the light receiving characteristics are naturally different to
the light emitting characteristics of the EL element 24.
Accordingly, the differences between such light receiving
characteristics and light emitting characteristics cause a
problem 1n that 1t 1s not possible to properly correct the light
emission of the EL element 24.

SUMMARY OF THE INVENTION

It 1s an object of the mvention to precisely reduce fluc-
tuations 1n brightness for light emitters when displaying
images through light emission by a plurality of light emut-
ters, thereby improving image quality.

In order to achieve the above object, as means relating to
a display apparatus, the mvention 1s a display apparatus that
can include an arrangement of a plurality of pixels respec-
tively composed of a predetermined driving circuit and a
light emitter that emits light when driven by the drniving
circuit, and uses a construction 1n which each pixel includes
a correction circuit that detects an amount of light for the
light emitter using a light receiver made of the same type of
material as the light emitter and implements feedback con-
trol over the driving circuit based on a detection result.

Also, the invention can be a display method that displays
an 1mage by individually driving light emitters provided
corresponding to a plurality of arranged pixels. An amount
of light 1s detected individually for the respective light
emitters using light receivers composed of the same type of
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material as the light emitters and feedback control 1s 1mple-
mented for driving the light emitters based on detection
results. According to the above, an amount of light emitted
by the light emitter 1s detected by a light receiver composed
of the same material as the light emitter, and feedback
control 1s carried out over the dniving of the light emaitter
based on this detection result. In other words, feedback
control can be carried out over the driving of the light
emitter based on a light recerving result of a light receiver
with light receiving characteristics that resemble the light
emitting characteristics of the light emaitter, so that it is
possible to make the brightness of the light emitted by
individual pixels 1n an arrangement of a plurality of pixels
uniform with greater precision than in the conventional art.

In addition, by using an additional device that also detects
external light and carries out feedback control over a driving
circuit based on this detection result, it 1s possible to control
the brightness of every pixel 1n accordance with the external
light.

In addition, 1n the case where the light emitters are formed
of an organic EL matenal, that 1s, when using an additional
construction suited to displaying images with an organic EL
material as the light ematters, it 1s still possible to make the
emitted brightness of the respective light emitters uniform,
even when displaying images using such organic EL mate-
rial.

In the case where an 1mage 1s displayed by a plurality of
pixels arranged 1n two dimensions, it 1s possible to make the
brightness of the emitted light uniform for each light emaitter
in the two dimensions.

When 1mages are displayed in color, 1t can be possible to
make the brightness of the emitted light uniform and to also
suppress the occurrence of color spots.

In addition, it 1s possible to form the light emitters and the
light receivers by discharge onto the substrate using an 1nk
jet-type droplet discharging apparatus. By doing so, it 1s
possible to form feedback circuits relatively easily without
additionally requiring any complex processes, and tluctua-
tions 1n the discharge amount of the ink jet, which cause
unevenness in light emission, are cancelled out, thereby
stabilizing the amount of light.

BRIEF DESCRIPTION OF THE DRAWINGS

The mmvention will be described with reference to the
accompanying drawings, wherein like numerals reference
like elements, and wherein:

FIG. 1 1s an exemplary circuit diagram that electrically
constructs a main part (each pixel) of an organic EL display
apparatus according to an embodiment of the present inven-
tion; and

FIG. 2 1s a characteristics graph showing the light rece1rv-
ing characteristics of the light receiving organic EL element
6 for the embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

An embodiment of the mvention will now be described
with reference to the attached drawings. It should be noted
that the present embodiment relates to a case where the
invention has been applied to an organic EL display appa-
ratus.

FIG. 1 1s an exemplary circuit diagram showing the
clectrical configuration of a main part (pixels) of this organic
EL display apparatus. In FIG. 1, reference numeral 1 des-
ignates a {irst transistor, 2 a capacitor (data voltage holding
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capacitor), 3 a second transistor, 4 a first resistor, 5 a light
emitting organic EL element (light emaitter), 6 a light rece1v-
ing organic EL element (light receiver), and 7 a second
resistor. Out of these components, the light receiving organic
EL element 6 and the second resistor 7 compose a correction
circuit H, while the first transistor 1, the capacitor 2, the
second transistor 3, and the {irst resistor 4 compose a driving
circuit D.

These components construct one pixel in the present
organic EL display apparatus. In the present organmic EL
display apparatus, a plurality of such pixels are provided 1n
a regular two-dimensional arrangement in a width direction
(horizontal operating direction) and a height direction (ver-
tical scanning direction). Also, 1n order to display color
images, the present organic EL display apparatus 1s con-
structed of color pixels that are each composed of three
adjacent pixels. That 1s, three light emitting organic EL
clements 5 of respectively different types are selected as the
three pixels so that light of each of the three primary colors
can be emitted.

The gate terminal of the first transistor 1 1s connected to
a scanning line, the source terminal 1s connected to a signal
line, and the drain terminal 1s connected to one end of the
capacitor 2, the gate terminal of the second transistor 3, and
one end of the light receiving organic EL element 6, respec-
tively. One end of the capacitor 2 1s commonly connected to
the drain terminal of the first transistor 1, the gate terminal
ol the second transistor 3, and one end of the light receiving
organic ELL element 6, while the other end of the capacitor
2 1s connected to a power line. The gate terminal of the
second transistor 3 1s commonly connected to the drain
terminal of the first transistor 1, one end of the capacitor 2,
and one end of the light receiving organic EL element 6, the
source terminal 1s connected to one end of the first resistor
4, and the drain terminal 1s connected to the power line.

One end of the first resistor 4 1s connected to the source
terminal of the second transistor 3, while the other end 1s
connected to one end of the light emitting organic EL
clement 5. The light emitting organic EL element 5 can
function as a photodiode, with one end of the light emitting
organic EL element 5 being connected to the other end of the
first resistor 4, and the other end being connected to ground.
The light receiving organic EL. element 6 functions as a
phototransistor, with one end of the light receiving organic
EL. element 6 being commonly connected to the drain
terminal of the first transistor 1, the gate terminal of the
second transistor 3, and one end of the capacitor 2 and the
other end being connected to one end of the second resistor
7. One end of the second resistor 7 1s connected to the other
end of the light receiving organic EL element 6 described
above, while the other end 1s connected to the power line.
The series circuit composed of the light receiving organic
EL element 6 and the second resistor 7 constructs the
correction circuit H.

The scanning line and the signal line are connected to
output terminals of a driving integrated circuit, not shown,
with the driving integrated circuit applying predetermined
voltages to these lines i accordance with the 1mage to be
displayed. The driving integrated circuit, scanning lines,
signal lines, power lines, and components described above
are formed on a glass substrate by photolithography or an
ink jet method.

For example, 1n one construction, the first transistor 1, the
capacitor 2, the second transistor 3, the first resistor 4, the
second resistor 7, and the dnving integrated circuit are
formed on a glass substrate by photolithography, while the
scanning lines, signal lines, and power lines are formed by
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emitting a conductive material and an organic EL. material 1n
liquid form onto the glass substrate according to an ink jet
method.

The light emitting organic EL element 5 and the light
receiving organic EL element 6 are formed on the glass
substrate using both photolithography and an 1nk jet method.
In more detail, the light emitting organic EL element 5 and
the light recerving organic EL element 6 are formed using an
ink jet method that discharges an organic EL material 1n
liqguid form onto transparent electrodes (anodes) that have
been formed by photolithography or an ink jet method, with
cathodes and the like made of metal then being formed on
the hardened organic EL. material.

When forming the light emitting organic EL element 5
and the light receiving organic EL element 6, two banks that
surround predetermined regions on the glass substrate are
adjacently formed. Of these two banks, one can be for the
light emitting organic EL element, while the other can be for
the light receiving organic EL element, with the bank for the
light emitting organic EL element being a considerably large
region compared to the bank for the light receiving organic
EL element and so occupying most of the pixel region.
Accordingly, the bank for the light receiving organic EL
clement 1s formed in a relatively small region 1n the pixel
region.

A transparent electrode material 1s also applied inside
these two banks by photolithography or an 1nk jet method so
that thin-film transparent electrodes are formed.

After this, an 1k jet method can be used to emit an
organic EL. material onto the transparent electrodes in the
respective banks in the same discharge process. In other
words, an organic ELL material with exactly the same com-
position 1s attached inside the two banks to form layers.
After this, a cathode material made up of fine particles of
metal 1s discharged onto the hardened organic ELL material
inside the respective banks to form the cathodes.

It should be noted that the light emitting organic EL
clement 5 described above can be formed on a glass sub-
strate so that the light emitted by the element 5 1s 1irradiated
to the outside via the glass substrate, but the light receiving
organic EL element 6 1s formed on the glass substrate in a
state where external light 1s blocked so that only the light
that has been emitted by the light emitting organic EL
clement 5 i1s received. In other words, the light receiving
organic EL element 6 1n each pixel can be constructed so as
to only receive light from the light emitting organic EL
clement 5 1n the same pixel.

Next, the operation of the organic EL display apparatus
with the above construction will be described 1n detail with
reterence to FIG. 2.

When a selection voltage 1s temporarily applied to a scan
line from the driving integrated circuit, the first transistor 1
1s placed 1n an ON state for only a predetermined period, and
the source terminal and drain terminal are shorted. As a
result, the data voltage that was applied to the signal line
from the driving 1ntegrated circuit 1s applied to one end of
the capacitor 2 which 1s charged by the data voltage, the first
transistor 1 1s returned to the OFF state, and the data voltage
1s held. In other words, the voltage at the drain terminal of
the first transistor 1 (that 1s, the voltage of the gate terminal
of the second transistor 3) becomes the data voltage due to
the capacitor 2 holding the data voltage.

In this way, when a voltage that corresponds to the data
voltage 1s applied to the gate terminal of the second tran-
sistor 3, the second transistor 3 1s activated and operates as
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a low-current power source that 1s controlled by the gate
terminal voltage. That 1s, the current that flows from the
drain terminal of the second transistor 3 to the source
terminal 1s a value (light emission driving current) corre-
sponding to the voltage of the gate terminal. As a result, the
light emission driving current flows via the first resistor 4 to
the light emitting organic ELL element 5, so that the light
emitting organic EL element 5 emits an amount of light
corresponding to this light emission driving current.

The light emitting operation by the organic EL display
apparatus 1s described 1n detail above, and at the same time,
the light recerving organic EL element 6 formed in the same
pixel as the light emitting organic EL element 5 described
above receives the light emitted by the light emitting organic
EL element 5. The magnitude of the current flowing between
the terminals of the light receiving organic EL element 6 1s
a value that depends on the amount of recerved light, that is,
the amount of light emitted by the light emitting organic EL
clement 3.

FI1G. 2 1s a charactenistics graph showing the light receiv-
ing characteristics of the light receiving organic EL element
6. As shown in FIG. 2, the light receiving characteristics are
S-shaped characteristics, and have a region (linear region)
where the terminal-to-terminal current changes approxi-
mately linearly with respect to the received amount of light.
In other words, within a range 1a to 1b, the terminal-to-
terminal current 1s approximately proportionate to the
received light amount 1n a range pa to pb. Accordingly, in
this linear region, the terminal-to-terminal current of the
light receiving organic EL element 6 linearly changes
according to the received amount of light.

Also, the organic EL material making up the light recerv-
ing organic EL. element 6 can be the same material as the
organic EL. material making up the light emitting organic EL
clement 5 described above. Accordingly, the light receiving
characteristics of the light receiving organic EL element 6
described above exhibit a high degree of similarnity to the
light emission characteristics of the light emitting organic
EL element 5.

The light receiving organic EL element 6 that has these
light recerving characteristics 1s connected 1n series to the
second resistor 7 and these are connected 1n parallel to the
capacitor 2. In other words, the load of the capacitor 2 can
leak via a series circuit composed ol the light receiving
organic EL element 6 and the second resistor 7. The leak
current 1s determined as the terminal-to-terminal current of
the light receiving organic ELL element 6 described above.

As can be easily understood from the light receiving
characteristics described above, when the amount of
received light 1s large, that 1s, when the amount of light
emitted by the light emitting organic EL element 5 1s large,
the terminal-to-terminal current of the light receiving
organic EL element 6, that 1s, the leak current, 1s also large,
so that the voltage across the terminals of the capacitor 2 1s
reduced. As a result, the gate terminal voltage of the second
transistor 3 rises to a value closer to the voltage of the power
line (power line voltage), resulting 1n feedback control that
reduces the light emission drniving current of the light
emitting organic EL element 5.

In other words, based on the amount of received light for
the light recerving organic EL element 6 whose light receiv-
ing characteristics exhibit a high degree of similarity with
the light emitting characteristics of the light emitting organic
EL element 5, the second transistor 3 1s subjected to feed-
back so that the amount of light emitted by the light emitting,
organic EL element 3 can be corrected extremely precisely
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so as to become a predetermined set value. In this organic
display apparatus, a correction circuit H 1s provided {
every pixel, so that fluctuation in the brightness of emaitted
light between pixels 1s suppressed, making 1t possible to
precisely reduce the number of bright spots and color spots
compared to the conventional art.

It should be noted that the invention 1s not limited to the
above embodiment, and as examples the following modifi-
cations are conceivable.

In this organic EL display apparatus, the light receiving
organic ELL element 6 1s constructed so as to receive only
light that has been emitted by the light emitting organic EL
clement 5, but 1t 1s possible to construct the light receiving
organic ELL element 6 so as to additionally or alternatively
received external light.

For example, when the light receiving organic EL element
6 1s constructed so as to receive only external light, 1t 1s
possible to control the brightness of the entire screen based
on the mtensity of the external light, that is, the peripheral
brightness of the organic EL display apparatus. On the other
hand, when the light receiving organic ELL element 6 1s
constructed so as to receive both external light and light
from the light emitting organic EL element 3, 1t 1s possible
to reduce fluctuations 1n the amount of light emitted by the
light emitting organic EL element 5 and to control the
brightness of the entire screen based on the peripheral
brightness.

The above embodiment relates to an organic EL display
apparatus, but i1t should be understood that the invention 1s
not limited to this and can be applied to a display apparatus
that uses light emitting materials aside from organic EL
materials.

The above embodiment relates to an organic EL display
apparatus in which pixels are arranged 1n two dimensions,
but the imvention 1s not limited to this. The invention can be
applied to a display apparatus in which pixels are arranged
in one dimension, and the arrangement of pixels 1s not
limited to a two-dimensional arrangement.

In addition, although the above embodiment relates to an
organic EL display apparatus for displaying color images,
the invention 1s not limited to this and can be applied to a
display apparatus that displays black and white images.

As described above, according to the invention the
amount of light of a light emaitter 1s detected 1n each pixel
and feedback control 1s implemented for the driving of the
light emitter based on the detection result, so that when an
image 1s displayed by having a plurality of light emaitters
emit light, 1t 1s possible to reduce fluctuation 1n the bright-
ness of the respective pixels, and therefore improve 1mage

quality.

What 1s claimed 1s:

1. A display apparatus composed of an arrangement of a
plurality of pixels respectively composed of a predetermined
driving circuit and a light emitter that emits light when
driven by the driving circuit,

cach pixel including a correction circuit that detects an

amount ol light for the light emitter using a light
receiver made of a same type of material as the light
emitter and that implements feedback control over the
driving circuit based on a detection result, the correc-
tion circuit being composed of a resistor and a pho-
totransistor whose resistance changes in accordance
with an amount of received light, and being a series
circuit that 1s coupled in parallel to a data voltage
holding capacitor that 1s a component 1n the driving
circuit.
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2. A display apparatus according to claim 1, the correction
circuit detecting an amount of external light and implement-
ing feedback control of the driving circuit based on a

detection result.
3. A display apparatus according to claim 1, the light

receiver being formed of an organic EL display matenial.
4. A display apparatus according to claim 1, the light

emitter being formed of an organic EL display material.

5

8

5. A display apparatus according to claim 1, the organic
EL display apparatus being composed of a plurality of the
pixels arranged in two dimensions.

6. A display apparatus according to claim 1 that displays
in color.
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